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EXECUTI VE SUMVARY

This effort was initiated to evaluate the effectiveness of a comerci al
product that generates speech fromwitten text, in the presentation of
Airport Term nal Information Service (ATIS) nessages. The Federal Aviation
Adm ni stration (FAA) plans to depl oy workstations for airport tower
operation that will generate relevant air traffic control nessages,

i ncl uding ATIS, transm ssion via Data Link. However, for those aircraft not
equi pped with Data Link, such as general aviation, the voice broadcast of
ATI S nust be maintained. Text to speech, resident in the workstations, is
envi sioned as a neans to provide this capability.

Thi s eval uati on was concentrated on general aviation operations and
consisted of two flights froma point west of Wodstown, NJ, to an approach
and |l anding at Atlantic City International Airport, NJ. Each flight was
conducted in a simulator of a Cessna 421 twin aircraft, and airspace
conditions included other traffic, |ight turbulence, and deteriorating

weat her. During the flight, ATIS was updated, and pil ot subjects were
required to listen to each nessage. Four conditions of flight scenarios and
ATI' S nessages made up the flight experience. One flight scenario was
routine, with background traffic equivalent to an average day in the
Atlantic City area. The other flight scenario was designed to be higher
wor kl oad, with nore background radio traffic, and involved a runway change
due to weather. An in-flight observer noted pil ot awareness of any changes
in the messages, as well as overall nmessage content. Pilot subject
comrentary was al so noted by the observer. Across all scenarios, natura
speech ATIS was contrasted with the synthesized ATIS.

Data coll ection included subjective assessnents by the pilot subjects via
comrentary and witten questionnaires, and objective data such as the nunber
of repetitions that pilot subjects listen to the ATIS.

Ten pilot subjects fromthe Atlantic Area participated in the study.

Overall, their subjective ratings were favorable; indicated by a rating of
5.6 on a scale of 1 to 7. Mdreover, no objective data suggested that there
was any |oss of ATIS information due to the synthetic speech conpared to the
nat ural speech case. Data did suggest that |longer nultisyllablic words, such
as woul d be found in NOTAMS (Notices to Airmen) woul d be problematic, and
cause additional workload for pilots. Shorter information bits such as
altineter settings and wi nds were not denonstrated to be a problem by the
dat a.

Thi s study showed that synthetic text to speech as inplenented was rated
favorabl e, but that further work is needed prior to field deploynment. Due to
the rigor of the experinmental design used in this study, it can also form
the basis for an evaluation of an inproved text to speech system Ratings
used in this study can be applied in a future eval uati on, and conpari sons
can be made.

1. OVERVI EW

1.1 BACKGROUND AND OBJECTI VES.

Air traffic controllers currently broadcast Automatic Term nal Infornmation
Service (ATIS) messages verbally. The present system sonetinmes suffers from



poor intelligibility of the broadcase due to inconsistent recording quality,
differences in voice characteristics, and noise on the radi o channel. One
proposed enhancenent is the use of digitized/ synthesized speech to repl ace
the recorded human voice to gain consistency in the broadcast nessage.

Moreover, a need exists to retain both digital and voice nessages for the
m xed environnent of aircraft that are Data Link equi pped and for aircraft
that do not have digital capability. However, providing both types of
nmessages effectively doubles the tinme required for air traffic controllers
to prepare the nessages. A potential solution is to use voice synthesis to
"read" the digital nmessages and transmt themin synthetic voice.

Speech synthesis of ATIS nessages has not been fully tested in an
operational environnment. The Federal Aviation Adm nistration (FAA) Technica
Center, Atlantic City International Airport, New Jersey, under contract
DTFAO03- 94- Q 00022, tasked ARI NC and CTA Incorporated to evaluate the

ef fectiveness of synthetic voice ATIS nessages in a sinulated environnent.
The eval uation, consisted of a flight denonstration in the General Aviation
Trainer (GAT), flight simulator at the FAA Technical Center. The GAT is a
noti on- based general aviation trainer representing a Cessna 421 aircraft and
has out-of-the-w ndow visual renditions of the Atlantic City Internationa
Airport airport and environs.

The denonstrati on was held from Novenber 28 through Decenber 2, 1994. Pilots
flew two scenarios and heard two ATIS nessages during each scenari o--one
usi ng human voi ce and one using synthetic voice.

The denonstration had the foll owi ng objectives:

a. Eval uate the synthetic voi ce nessages usi ng neasures of
speed, clarity and intelligibility, and overall quality.

b. Conpare the pilots' responses to the synthetic voice
messages with their responses to the hunan voi ce nessages.

These objectives were achi eved by eval uati ng subj ective and objective
measures collected fromthe pilots and cockpit observers during the flight
denonstrati on.

1.2 ORGANI ZATI ON OF REPORT.

Section 2 describes the nmethodol ogy used for the evaluation. Section 3
describes the results, and section 4 presents concl usions and
recomrendat i ons.



2. METHODOLOGY

Ten pilots fromthe Atlantic City area were selected for the denonstration.
Al'l 10 had sone previous experience with ATIS. For the purposes of this
study, pilots with nore than 300 hours of multiengi ne experience were

consi dered expert, while those with less than 300 hours were consi dered
novices. O the initial 10 pilots selected, 5 were novices and 5 were
experts. However, two of the expert pilots could not conplete the
denmonstrati on because of conflicting schedul es and both of the avail able
repl acement pilots were novice pilots. Therefore, the denponstrati on was
conducted with seven novice pilots and three expert pilots.

Two flight scenarios were designed to provide the pilots with different
flight experiences to reduce the amount of |earning resulting from
repetition. Each scenario was devel oped based on an approach to Atlantic
City International Airport, |asted about 40 m nutes, and included sone
tur bul ence and background noise for realism The scenarios presented the
fol |l owi ng routes:

a. Scenario 1: CANNY-M V- SE-ACY via VHF omirange (VOR), runway 31

b. Scenario 2: CANNY-DON L-VCN- ACY via instrunent |anding system
(ILS), runway 13

Appendi x Aillustrates both flight routes.

Four different ATIS nessages were devel oped for the denopnstration, and each
was recorded tw ce--once using human voi ce and once using synthetic voice.
All of the messages, which were developed with the help of a certified

term nal controller, contained i nformati on about conditions such as weat her,
wind, altineter, runway, and taxiways. In addition, the test nessages used
excerpts from actual ATIS broadcasts fromthe airport. The controller's

voi ce was used for the human voi ce nessage, and a Digital Equi pnent
Corporation DECtal k System was used to generate the synthetic voi ce nessage.
Al t hough DECtal k all ows for custom zation of words and phrases, that option
was not enpl oyed. The basic text to speech synthesis inherent in the system
was used. Both the human and synthetic voi ce messages were recorded on a
Silicon G aphics workstation and played over the sinulator audio system
during each flight. Appendix B presents the contents of the four ATIS
nmessages.

Two sessions were conducted each day. During the first hour of a session,
the pilot subject received training in the use of the sinmulator and
background i nformati on about the sinulation.

Foll owi ng a break, one of the flight scenarios was run for data collection.
Two of the four nessages were played during the scenario-one in synthetic
voi ce and one in human voice. After another break, the second flight
scenari o was run, during which the remaining two nessages were played--one
in synthetic voice and one in human voice. The order of both the messages
and type of voice used were varied throughout the data collection. For half
of the simulations, a human voi ce nmessage was presented first, followed by a
synthetic voice nessage; the other half of the simulations followed the
reverse order. Each pilot flew both scenarios. Half of the pilots
experienced scenario 1 first, and half experienced scenario 2 first.



Appendi x C lists the order of presentation for each pilot, and appendix D
presents the daily schedule. The pilots flew under visual flight rules (VFR)
conditions and could use autopilot at their discretion. Pilots were
requested to check their ATIS nessages tw ce during the sinulation--once
just after starting the flight and again just before contacting the tower
duri ng approach.

A cockpit observer, who was also a pilot, sat in the copilot's seat during
each session. After an ATIS nessage was received, the observer recorded the
nunmber of times the pilot listened to each nessage and recorded whether the
pil ot took any of the follow ng actions after hearing a nessage:

a. Changed the altinmeter setting.
b. Altered the approach based on the change-of -runway i nfornmation.

c. Correctly recorded, on the pilot's knee pad, information that
was changed fromthe previ ous nessage.

d. Correctly repeated the altineter setting or runway change when
guesti oned by the observer.

These observations and pilot's conmments were recorded on a questionnaire
presented in appendi x E. The observer was al so encouraged to record his or
her own opinions and comrents about the quality of the synthetic voice
nmessages.

To create realistic background traffic and communi cations, an air traffic
controller provided air traffic control (ATC) instructions to the pil ot
subj ects and provided cross talk with three additional pseudo pilots who
acted as other aircraft to provide sinulated traffic.

Fol |l owi ng each session, the pilot conpleted a questionnaire, rating the
speed, clarity and intelligibility, and overall quality of the synthetic
voi ce nmessage. The questionnaire al so asked whether the pilot preferred
natural or synthetic voice and solicited any additional comments the pil ot
wi shed to make. Appendi x F presents a copy of the questionnaire, and
appendix Glists the pilots' ratings and comrents.

3. RESULTS.

Table 1 summari zes the questionnaire responses of the seven novice and three
experienced pilots who participated in this denonstration. The results are
di scussed in the foll ow ng subsections.

3.1 HOURS OF EXPERI ENCE

The nean hours of experience was 43 for the seven novice pilots and 1,433
for the three experienced pilots. One of the novice pilots reported having
only singl e-engi ne experience.



3. 2 SPEED

Pilots were asked to rate, on a 7-point scale, the speed of the synthetic
voi ce, where 1 was too fast, 4 was adequate, and 7 was too slow. The overal
mean was 4.3 (standard deviation of 0.66~only slightly slower than adequate.
This indicates that no significant changes are required to the speed of the
synthetic voice. Three pilots (all novices) cornnented that the nmessage was
too slow and rated the speed as 6, 5, and 5, respectively. Al of the other
pilots rated the speed of the synthetic voice as 4.

3.3 CLARITY AND INTELLIG BILITY

Pilots were asked to rate, on a 7-point scale, the clarity and
intelligibility of the synthetic voice, where 1 was not clear, 4 was
sonewhat clear, and 7 was conpletely clear. The overall nean was 5.6
(standard deviation of 1.36). None of the pilots rated clarity and
intelligibility as less than 4, and four of the pilots rated it as 7. For
the six pilots who rated clarity and intelligibility as less than 7, sone

i nprovement was desired. Sonme cornnented that they had difficulty with
certain words and others indicated that they thought the voice had a foreign
accent .

TABLE 1. PILOT RATINGS OF SYNTHETIC VOICE ATIS MESSAGES

Pilot Hours of Speed Clarity Quality Preference
Experience
Novice Pilots
1 92 6. 00 4.00 2.00 Nat ur a
2 75 4. 00 7.00 6. 00 Nat ur a
3 30 4. 00 4.00 4. 00 Nat ur a
4 32 4.00 7.00 7.00 No preference
5 40 5. 00 7.00 5. 00 Nat ur a
7 0 5.00 6. 00 7.00 No preference
10 30 4. 00 7.00 7.00 Synt heti c
Mean 43 4.57 6. 00 5.43
Experi enced Pilots
6 500 4.00 4.00 4.00 Nat ur al *
8 1, 300 4. 00 6. 00 6. 00 Synt hetic
9 2,500 4. 00 4. 00 4. 00 Nat ur a
Mean 1,433 4.00 4. 67 4. 67
Tot al 4. 30 5. 60 5.20
Mean
Standard 0. 66 1.36 1.16
Deviation

* This was the only pilot who m ssed the change of altineter settings.



It m ght be expected that nore experienced pilots, who have heard nore ATIS
messages given by a greater diversity of controllers, would be able to
understand the synthetic voice nore readily than | ess experienced pilots.
Such was not the case. The nean rating fromnovice pilots was 6.0 and from
experienced pilots was 4.67. Exam nation of the coments did not explain
this disparity.

3.4 OVERALL QUALITY.

Pilots were asked to rate, on a 7-point scale, the overall quality of the
synthetic voice, where 1 was not at all acceptable and 7 was conpletely
acceptable. The responses varied greatly. Three pilots rated the overal
quality as 7, two rated it as 6, one rated it as 5, three rated it as 4, and
one rated it as 2. The overall nmean was 5.2 (standard deviation of 1.16).
These ratings indicate that although the overall quality of the synthetic
voi ce was acceptable, there is a need for inprovenent. The comrents fromthe
pilots indicated the foll owi ng probl ens:

a. Synthetic voice is difficult to interpret in high-workload
situations.

b. Uninitiated pilots need tinme to becone accustoned to the system
c. Carity needs to be inproved.

d. Speed shoul d be increased.

e. The foreign-soundi ng accent hinders understandability.

f More attention and concentration are required than for human voi ce.

Novice pilots rated the acceptability of the quality slightly higher (nean
of 5.43) than did experienced pilots (nean of 4.67).

3. 5 PREFERENCE

The pilots were asked which type of ATIS nessage they preferred--natural

voi ce, synthetic voice, or no preference. Six of the pilots indicated a
preference for natural voice, two preferred synthetic voice, and two have no
preference. Although all of the pilots rated clarity and intelligibility as
at | east sonewhat clear, and all but one pilot considered overall quality to
be at | east noderately acceptable, over half preferred natural voice.

It is inportant to note that although the pilots had little or no previous
experience with synthetic voice, 4 of the 10 either had no preference or
preferred the synthetic voice. The question can be raised as to what i npact
experience with synthetic voice has on preference and acceptability.

Fl i ght experience did not present a correlation with preference. O the
novi ce pilots, four preferred natural voice, one preferred synthetic voice,
and two had no preference. O the three experienced pilots, two preferred
nat ural voice, and one preferred synthetic voice.



3. 6 BACKGROUND TRAFFI C.

After the first trial, an additional item was handwitten into the
guestionnaire. Pilots were asked to rate the background traffic provided by
the simulation environment. O the nine pilots who responded, six rated
traffic as normal, and three rated it as normal to light. Some of the pilots
comrent ed that background traffic was normal for Atlantic City but |ight for
ot her areas. None of the pilots rated the traffic as heavy.

3.7 OBJECTI VE MEASURES.

All of the pilots correctly altered their approach based on change- of - r unway
information given in the ATIS nessages. This reaction occurred regardl ess of
whet her the pilot heard the human voi ce or synthetic voice nessage.

Only one of the pilots (pilot #6) m ssed the change of altinmeter reading.
This occurred for both synthetic voice nessages. The observer noted that
this pilot had difficulty handling the workl oad and m ssed the change of
altinmeter reading for the human voice nessage as well. It is interesting to
note that although this pilot m ssed instructions, he rated the background
traffic as normal to light and rated the synthetic voice as 4 for speed, 4
for clarity and intelligibility, and 4 for overall quality.

Table 2 presents the results fromthe Observer Questionnaires and shows for
each pilot, the order of the scenarios, the node of presentation of each of
the nessages and the nunber of tines the pilot listened to each nessage
(repetitions). Table 3 shows the nean nunber of tinmes that the pilots
listened to a message. The nean nunber of tines pilot subjects listened to
ATI'S was 1.27 for both natural and synthetic speech cases. One pil ot
listened to two human voi ce nessages three tinme~

The Charlie and Echo nessages were al ways given early in a scenario and
represented tinmes of relatively | ow workl oad. The Delta and Foxtrot mnessages
were given later in a scenario and represented tinmes of higher workload. If
hi gher wor kl oad i ncreased the nunber of tines the synthetic nessages were
listened to, the Delta and Foxtrot nessages should have required nore
repetitions. However, the synthetic voice Delta nessage was listened to an
average of 1.5 times (conpared with 1.25 tinmes for human voice), and the
synthetic voice Foxtrot nessage was |istened to an average of 1.0 tines
(conpared with 1.5 tinmes for human voice). Therefore, no connection was
denonstrated between workl oad and the nunber of tines that a pilot |istened
to the synthetic voi ce nessages.



TABLE 2.

Pl LOT NUMBER

NUMBER OF REPETI TI ONS OF ATI S MESSAGES BY SCENARI O,
SOURCE, MESSAGE AND

Pi | ot Nunber Scenari o Sour ce/ Message Repetitions
1 1 Human/ Charl i e 3
DECt al k/ Del ta 2
2 DECt al k/ Echo 2
Human/ Foxt r ot 3
2 2 Human/ Echo 1
DECt al k/ Foxt r ot 1
1 DECt al k/ Charlie 2
Human/ Del t a 2
3 2 DECt al | ¢/ Echo 2
Human/ Foxt r ot 2
1 Human/ Charl i e 1
DECt al k/ Del ta 2
4 1 Human/ Charl i e 1
DECt al k/ Del ta 1
2 DECt al k/ Echo 1
Human/ Foxt r ot 1
5 1 Human/ Charl i e 1
DECt al k/ Del ta 1
2 DECt al k/ Echo 1
Human/ Foxt r ot 1
6 1 Human/ Charl i e 1
DECt al k/ Del ta 1
2 DECt al k/ Echo 1
Human/ Foxt r ot 1
7 2 DECt al k/ Echo 1
Human/ Foxt r ot 1
1 Human/ Charl i e 1
DECt al k/ Del ta 2
8 2 Human/ Echo 1
DECt al k/ Foxt r ot 1
1 DECt al k/ Charlie 1
Human/ Del t a 1
9 1 DECt al k/ Charlie 1
Human/ Del t a 1
2 Human/ Echo 1
DECt al k/ Foxt r ot 1
10 2 Human/ Echo 1
DECt al k/ Foxt r ot 1
1 DECt al k/ Charlie 1
1

Human/ Del t a




Tabl e 3 shows the mean number of repetitions for each message and source.

TABLE 3. MEAN REPETTTTONS COF ATI S MESSAGES BY SOURCE AND MESSAGE

Source Message No. Pilots Mean Repetitions
Human Charlie 6 1.33
Human Delta 4 1.25
Human Echo 4 1.0
Human Foxt r ot 6 1.50
Mean - Human 1. 27
DECt al k Charlie 4 1.25
DECt al k Delta 6 1.50
DECt al k Echo 6 1.33
DECt al k Foxtr ot 4 1. 00
Mean - 1. 27
DECt al k

4. DATA ANALYSI S.

The objective data shows that the pilot subjects received sufficient
information fromnatural or synthetic ATIS to execute an approach and
landing at Atlantic City. The subject's ability to acquire change of runway
and altinmeter information from ATIS was consistent. It is noted that these
two pieces of information are short and famliar to pilots. In the

subj ective data for the synthetic case, pilots and observers comrented that
( 1) longer multisyllablic words, and (2) NOTAMS may be nore difficult to
interpret fromsynthetic speech. Conbining these subjective and objective
results, it beconmes evident that shorter | ength nmessage segnents that
contain famliar, or at |east expected information were nore readily
understood by the pilot subjects than the | onger nore conpl ex segments.
Longer, nore conpl ex messages required nore concentration by the pil ot
subjects, to acquire all of the information contained.

Wor kl oad was reported as a concem by several of the pilot subjects in the
test scenarios, where workl oad associated with the flying task was desi gned
to be medium It nust be assuned therefore, that synthetic ATIS, in the
configuration used for this denonstration, may be unacceptable in flights
where the workl oad is high

5. CONCLUSI ONS AND RECOMVENDATI ONS.

Bot h experienced and novice pilots favorably rated intelligibility and
overall quality. Although sone pilots indicated a belief that the synthetic
voi ce nmessages added to their workload, they did not need to listen to
additional iterations of the nessages. Furthernore, only one pilot m ssed

i nportant infommation fromthe synthetic nmessage and that same pilot mssed
i nportant information given by the human controller as well.



Perhaps the nost significant result of this study is a set of ratings of a
typical medium quality speech synthesis system This study denonstration was
conducted with sufficient rigor to provide repeatable neasures in future
eval uations. Two possi bl e neans exist for inprovenments ot the speech
synthesis process: (a) acquire a nore sophisticated system and (b)
custom ze the nore difficult words within the DECtal k vocabul ary to provide
nmore natural speech overall

The first alternative is technol ogy (and expense) driven, although there is
a very prom sing system avail able, called El oquent Technol ogy, which has
been introduced in the |ast several nonths. The second alternative uses

exi sting technology and is feasible. The custom zation of the vocabul ary
woul d be equivalent to a site adaptation exercise, and would be perforned
within the region.

Foll ow-on studies in the GAT are suggested because performance gai ns over
the current synthesis system can be assessed using simliar scenarios and
data collection nethods. Furthernmore, if an additional study is perforned
usi ng custom zed DECtal k, the amount of effort spent inproving the
vocabulary will be docunmented as a case study of site adaptation. Fromthis
data, the cost of adaptations at other airports may be predicted.

Lastly, if inprovenents to the base technology are realized, these systens
may al so be conparatively evaluated in a GAT study.

It is therefore recomended that the Technical Center plan and conduct at
| east one additional study, with natural voice as baseline, and custom zed
DECt al k and t he El oquent system as test cases.



6. ABBREVI ATI ONS AND ACRONYNMES.

ATI S Automatic Term nal Information Service
ATC Air Traffic Control

FAA Federal Aviation Adm nistration

GAT General Aviation Trai ner

I LS | nstrunment Landi ng System

NOTAM Notice to Al rnen

VFR Vi sual Flight Rules

VOR VHF Omi r ange
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FLIGHT ROUTES
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APPENDIX B

ATIS MESSAGES



Scenario 1
Message # 1 (Charlie)

Atlantic City International Airport Information Charlie. One four zero zero Zulu. Measured ceiling four thousand, five
hundred broken. Visibility one-and-one-half fog. Temperature four niner. Dew point four seven. Wind one five zero at five.
Altimeter three zero zero zero. ILS runway one three approach in use. Notices to airmen: The last one thousand, two hundred
feet of runway one three closed. Eight thousand, eight hundred feet usable. Taxiway Bravo between taxiways Juliet and Kilo
closed. Runway three one VASIs out of service. Advise on initial contact you have information Charlie.

Message # 2 (Delta)

Atlantic City International Airport Information Delta. One four two zero Zulu. Measured ceiling four thousand, five
hundred broken. Visibility one-and-one-half fog. Temperature five zero. Dew point four eight. Wind two seven zero at five.
Altimeter two niner niner two. VOR runway three one approach in use. Notices to airmen: Runway three one threshold
displaced one thousand, two hundred feet. Eight thousand, eight hundred feet usable. Relocated threshold identified by five-foot
solid white line and runway end identifier lights. Taxiway Bravo between taxiways Juliet and Kilo closed. Runway three one
VASIs out of service. Advise on initial contact you have information Delta.

Scenario 2
Message # 1 (Echo)

Atlantic City International Airport Information Echo. One five zero zero Zulu. Sky partially obscured. Visibility one-
and-one-half fog. Temperature four five. Dew point four three. Wind calm. Altimeter two niner niner two. VOR runway three
one approach in use. Notices to airmen: Runway three one threshold displaced one thousand, two hundred feet. Eight thousand,
eight hundred feet usable. Relocated threshold identified by five foot solid white line and runway end identifier lights. Taxiway
Bravo between Taxiways Juliet and Kilo closed. Runway three one VASIs out of service. Advise on initial contact you have
information Echo.

B-l



Message # 2 (Foxtrot)

Atlantic City International Airport Information Foxtrot. One five one five Zulu. Sky partially obscured. Visibility one-half fog.
Temperature four five. Dew point four four. Wind one five zero at five. Altimeter three zero zero zero. ILS runway one three
approach in use. Notices to airmen: The last one thousand, two hundred feet of runway one three closed. Eight thousand, eight
hundred feet usable. Taxiways Bravo between Taxiways Juliet and Kilo closed. Runway three one VASIs out of service. Advise on
initial contact you have information Foxtrot.



APPENDIX C

ORDER OF PRESENTATION



Day 1: Date: November 28, 1994 (Monday)

Morning session Pilot 1:

Scenario 1 (Human Charlie, Synthetic Delta)
Scenario 2 (Synthetic Echo, Human Foxtrot)

Afternoon session Pilot 2: Scenario 2 (Human Echo, Synthetic Foxtrot)
Scenario 1 (Synthetic Charlie, Human Delta)

Day 2: Date: November 29, 1994 (Tuesday)

Morning session Pilot 3: Scenario 2 (Synthetic Echo, Human Foxtrot)
Scenario 1 (Human Charlie, Synthetic Delta)

Afternoon session Pilot 4: Scenario 1 (Human Charlie, Synthetic Delta)
Scenario 2 (Synthetic Echo, Human Foxtrot)

Day 3: Date: November 30, 1994 (Wednesday)

Morning session Pilot 5: Scenario 1 (Human Charlie, Synthetic Delta)
Scenario 2 (Synthetic Echo, Human Foxtrot)

Afternoon session Pilot 6: Scenario 1 (Human Charlie, Synthetic Delta)
Scenario 2 (Synthetic Echo, Human Foxtrot)
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Day 4: Date: December 1, 1994 (Thursday)

Morning session Pilot 7: Scenario 2 (Synthetic Echo, Human Foxtrot)
Scenario 1 (Human Charlie, Synthetic Delta)

Afternoon session Pilot 8: Scenario 2 (Human Echo, Synthetic Foxtrot)
Human Delta)

Day 5: Date: December 2, 1994 (Friday)

Morning session Pilot 9: Scenario 1 (Synthetic Charlie, Human Delta)
Scenario 2 (Human Echo, Synthetic Foxtrot)

Afternoon session Pilot 10: Scenario 2 (Human Echo, Synthetic Foxtrot)
Charlie, Human Delta)

Scenario 1 (Synthetic Che¢

Scenario 1 (Synthetic



APPENDIX D

SCHEDULE



Shakedown Date: November 14, 1994 (Monday)
Test Dates: November 28 to December 2, 1994

Time: 8a.m. to 4 p.m.

There were two sessions every day. Each session will have two flights. Each flight took approximately 40 minutes.

Training Period: 8a.m.to9am.
Morning Session: 9a.m. to 11 a.m.

Lunch: 11am.to 12 p.m.

Training Period: 12 p.m.to 1 p.m.
Afternoon Session: 1p.m.to3p.m.

Demonstration/Debrief: 3 p.m. to 4 p.m.
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APPENDIX E

OBSERVER QUESTIONNAIRE



OBSERVER QUESTIONNAIRE
SIMULATION: SYNTHETIC VOICE FOR ATIS MESSAGES

Name:
Hours of multi-engine experience:
Date: Session: Morning / Afternoon (circle one)

As an observer, you will ask the pilot the altimeter reading and runway after the ATIS message in complete. There will be two
ATIS messages in each scenario. The two will differ in their message content and their source. Each pilot will complete two
scenarios:

SCENARIO 1
ATIS Message: Charlie

Nature of message: Human / Synthetic (circle one)

l. What is the pilot's response to your question "what was the altimeter reading"?

2. What is the pilot's response to your question "what runway is in use now"?

3. How many times did the pilot listen to the message?

ATIS Message: Delta

Nature of message: Human / Synthetic (circle one)

1. What is the pilot's response to your question "what was the altimeter reading"?

2. What is the pilot's response to your question "what runway is in use now"?

3. How many times did the pilot listen to the message?
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SCENARIO 2
ATIS Message: Echo
Nature of message: Human / Synthetic (circle one)

l. What is the pilot’s response to your question “what was the altimeter reading"?

2. What is the pilot's response to your question "what runway is in use now"?

3. How many times did the pilot listen to the message?

ATIS Message: Foxtrot
Nature of message: Human / Synthetic (circle one)

l. What is the pilot's response to your question "what was the altimeter reading"?

2. What is the pilot's response to your question "what runway is in use now"?

3. How many times did the pilot listen to the message?

General Questions
1. What is your overall opinion about the synthetic ATIS message?

Acceptable / Unacceptable (circle one)

2. Do you have any additional comments or opinions about the  synthetic ATIS messages (use back side if necessary)?

Please return to Parimal Kopardekar. Thank vou for your participation in the study.
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APPENDIX F

PILOT QUESTIONNAIRE



PILOT QUESTIONNAIRE
SIMULATION: SYNTHETIC VOICE FOR ATIS MESSAGES

Name:
Hours of multi-engine experience: Date:

Quality of synthetic voice

l. How did the speed of the synthetic voice sound to you?
1 2 3 4 5 6 7
Too Fast Adequate Too Slow

Please justify your response if it is any other than 4 (use back side if necessary).

2. Do you think the synthetic ATIS message was clear and intelligible?
1 2 3 4 5 6 7
Not Clear ~ Somewhat Completely Clear
Clear

Please justify your response if it is any other than 7 (use back side if necessary).

3. Which type of ATIS message do you prefer? (circle one)
Natural Voice Synthetic Voice No Preference
4. Do you think the overall quality of ATIS message, recorded in synthetic voice, is acceptable?
1 2 3 4 5 6 7
Not At All Completely

Please justify your response if it is any other than 7 (use back side if necessary).

5. Please feel to mention any other comrnents, opinions, or concerns you may have about synthetic ATIS message
(use back side).

Please return to Parimal Kopardekar Thank you for your participation in the survey.
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APPENDIX G

COMMENTS FROM PILOT AND OBSERVER QUESTIONNAIRES



PILOT RATINGS AND COMMENTS

NOTE: On questions where pilots were asked to provide both a rating and comments, the rating is shown before the comments.
Refer to Appendix F for a description of the rating scales used for each question.

1. How did the speed of the synthetic voice sound to you?

Pilot 1: 6--Information dragged out too much, distracted me from flying.

Pilot 2: 4--No comment.

Pilot 3: 4--No comment.

Pilot 4: 4--No comment.

Pilot 5: 5--Voice too slow.

Pilot 6: 4--No comment.

Pilot 7: 5--Seemed a little slower than a normal ATIS, but not really objectionable.
Pilot 8: 4--No comment.

Pilot 9: 4--No comment.

Pilot 10: 4--No comment.

2. Do you think the synthetic ATIS message was clear and intelligible?
Pilot 1: 4--Certain words yes, others were not.
Pilot 2: 7--No comment.

Pilot 3: 4--Not as clear as the GAI AWOS | am used to listening to when | fly there. It is also not a real human
Vvoice.

Pilot 4: 7--No problem understanding the verbiage.
Pilot 5: 7--No comment.
Pilot 6: 4--Because the voice was of foreign origin, more concentration is required to

understand words.
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Pilot 7: 6--Had trouble once understanding the number "five’;
(maybe Scandinavian).

Pilot 8: 6--The receiver/speaker was little touchy, but the voice

Pilot 9: 4--Some words difficult to understand--hard consonance
get some words.

Pilot 10: 7--No comment.

3. Which type of ATIS message do you prefer?
Pilot 1: Natural voice.

Pilot 2: Natural voice.

Pilot 3: Natural voice,

Pilot 4: No preference.

Pilot 5: Natural voice.

Pilot 6: Natural voice.

Pilot 7: No preference.

Pilot 8: Synthetic voice.

Pilot 9: Natural voice.

Pilot 10: Svnthetic voice.

also seemed to have a slight foreign accent

message was fine.

in particular. Had to listen twice to ATIS to



4, Do you think the overall quality of ATIS message, recorded in synthetic voice, is acceptable?

Pilot 1: 2--1 am currently only familiar with natural voice. In high-workload situations, synthetic voice was
too difficult to interpret.
Pilot 2: 6--1t will require some time to get used to for the uninitiated.
Pilot 3: 4--Could be clearer. | really don't have any preference of human voice versus synthetic, as long as it is
clear.

Pilot 4: 7--No comment.
Pilot 5: 5--VVoice was too slow.

Pilot 6: 4--Because the voice was of foreign origin, more concentration is required to
understand words.

Pilot 7: 7--Could be slightly better (a little faster), but [is] at least as good as the average of all natural voice
ATIS I've heard.

Pilot 8: 6--Very good voice and pattern. | had a little problem, but it was only unfamiliarity with the trainer.

Pilot 9: 4--Somewhat difficult to understand at times; required more attention and concentration compared
to natural voice. On second ATC scenario did not attempt to listen to ATIS until aircraft
was in benign phase of flight (i.e., stable heading and altitude).

Pilot 10: 7--No cornment.

5. Please feel free to mention any other comments, opinions, or concerns you may have about synthetic ATIS message.
Pilot 1: It was too hard to interpret synthetic voice ATIS in a high-workload situation. It distracted me from flying

because | had to concentrate on what was being said. In a lower work situation during the test
I understood it better.

Pilot 2: No comment.

Pilot 3: No comment.



Pilot 4: For my level of experience (low multiengine time), | was quite busy. As long as the synthetic ATIS
is clear with the same order of information that the pilot is used to, it is adequate.

Pilot 5: No cnmment.

Pilot 6: No comment.

Pilot 7: | suggest you get some subject pilots who are not native English speakers; they would be more
sensitive to this than I am. The NOTAMs in this ATIS were exactly what we're used to
now here at ACY. It might be better to put in some nonstandard NOTAM:s.

Pilot 8: 1 feel it is better than human because of the consistency.

Pilot 9: Synthetic voice ATIS needs improvement in voice quality before implementation. Need to approach
quality of natural voice to minimize concentration required to comprehend all
data.

Pilot 10: No comment.

6. How do you find the background traffic?

Pilot 1: No response.

Pilot 2. Normal.

Pilot 3: Normal.

Pilot 4: Light side of normal.

Pilot 5: Normal.

Pilot 6: Normal to light.

Pilot 7:  Normal (normal for ACY but light compared with a lot of other environments).
Pilot 8: Normal.

Pilot 9: Normal.

Pilot 10: Normal.



OBSERVER COMMENTS

The following comments were made by the pilots to the observer during the flight and were recorded by the observer in response
to general question 2 on the observer questionnaire (refer to Appendix E).

Do you have any additional comments or opinions about the synthetic ATIS messages?

Pilot 1: Multisyllabic words are hard to understand--pause too great (i.e., visibility 1 mile or 1 and 1/2)? Pilot
flies for a living.

Pilot 2: Length of ATIS NOTAMSs has some bearing on number of times a pilot will listen to the ATIS.
Brief pilots on glide slope flag in view on ILS.

NOTAM messages are more difficult to understand. Subjects may get altimeter
and runway but not understand NOTAMSs with synthetic.

As far as comparing synthetic to human, I've heard much better human ATIS and a few that were worse.
Perhaps consider saving human voice words on tapes and use them.

Pilot 3: Pilot workload was high, not experienced with this type flight deck. ATIS [(syn)synthetic] was just
acceptable, required more attention.

Pilot 4: Pilot did not use autopilot.

Pilot 5: Pilot went back approximately 7-10 min after start of scenario 2 and listened to ATIS echo (only
about half).

Pilot 6: The pilot during this problem appeared to be "behind the power curve" complying with ATC
instructions. When the ATIS messages changed from Charlie to Delta, the pilot immediately
went to receive the new information and did not hear (or comply with) instructions which

would allow the aircraft to proceed as scripted.

Pilot 7: Pilot used autopilot during high-workload times.
Pilot 8: Used autopilot.
Pilot 9: Pilot used autopilot all the time. Pilot flies for a living.

Pilot 10: No comment.

G-5



APPENDIX H

PERSONNEL



Test Director--Albert Rehmann

Scenario Development and ATC Support--Frank Ferrera

ATIS Messages Preparation--John Goon and Parimal Kopardekar (CTA Incorporated)

ATC Support--Evan Darby

General Aviation Simulation Facility Engineering Support--Joe McCall and George Bollenbach
Expert Pilot and Pilot Scheduling--Theos McKinney

Software Support--Joe McCall, George Bollenbach, and Pocholo Bravo

Test Plan and Study Preparation--Parimal Kopardekar (CTA Incorporated), Richard Mogford (CTA Incorporated), and
Margaret T. Shaffer (ARINC)

Data Collection and General Support--Parimal Kopardekar (CTA Incorporated), Margaet T. Shaffer (ARINC)

Data Analysis and Report Preparation--Margaret T. Shaffer (ARINC)
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